In the present investigation, fluorescence con-elation spectroscopy (FCS) was used to measure the molecular motion of the pteridine derivative neopterin. However, technical limitations in the present optical setup precluded the identification of ,single neopterin molecules. FCS measurements with a fluorophore were also can-ied out for comparison. Exemplified by rhodamine green, we have introduced a concept that allows the detection, identification and analysis of assays in solution at the single-molecule level in tenns of bulk concentration. This concept is based on FCS and Poisson distribution analysis of assay sensitivity. The molecules had not to be quantified in a more concentrated fonn, or in flow and trapping experiments. The study demonstrated an ultrasensitive, reliable, rapid and direct tool for analytics and diagnostics in solution. We discuss a possible application of our new concept in activation control of cell-mediated immunity via neopterin determination .
Introduction
Pteridines are a fundamental group of natural heterocyclic compounds. which are structurally related by the pyrazinopyrimidine moiety (1). Biochemically active pteridine compounds include vitamins, folic acid, and riboflavin, and cofactors for redox reactions in humans, e.g., 5,6,7,8-tetrahydrobiopterin (2) . In human macrophages/monocytes interferon-y activates GTP-cyclohydrolase I, and increased amounts of neopterin are produced from GTP via dihydroneopterin triphosphate (3) . Therefore, neopterin is a measure of the activation level of cell-mediated immunity. In humans, the monitoring of neopterin concentrations in body fluids is especially helpful for followup of immunological complications in patients with HIV infection, in chronic infections, to detect immunological complications in allograft recipients and therapy control in autoimmune diseases (4, 5) . In very early events of the disease, minute amounts of neopterin precede the clinical manifestation and con-elate with the activity of the disease (e.g. in HI V infection) . In this contribution, we tried to measure the molecular motion of neopterin by fluorescence con-elation spectroscopy (FCS). We also perfonned FCS measurements with the fluorophore rhodamine green for comparison. We have introduced fluorescence correlation spectroscopy as an ultrasensitive, rapid and reliable methodology for monitoring assay sensitivity on the single-molecule level (6, 7) . We describe our new concept for the detection, identification and analysis of single molecules in solution.
Materials and Methods

Reagents
Neopterin (molecular mass 253.2 g/mol) was from Schircks Laboratories (Jona, Switzerland), and we used a freshly prepared stock solution of 10.5 mg neopterin in 100 ml aqua bidestillata (Mayrhofer, Linz).
The fluorescent dye rhodamine-green™ (Molecular Probes Europe BV, The Netherlands, R-6113) was used throughout the study. The excitation and emission spectra of the fluorophore were recorded. They were compatible with the excitation wavelength of 488 om and the spectral separation of the fluorescence emission measured between 505 nm and 550 nm. For single molecule dilution, we used bidistilled water (Fresenius, Vienna, Austria). All FCS measurements were performed in chambered cover glass (Nalge-Nunc, IL, USA) with sample volumes of 20 III and less.
Optical setup
The optical setup of the fluorescence correlation spectrometer Confocor 2/LSM51O (Zeiss, Germany) is shown in Fig. 1 . An argon-ion laser (458 nrn, 488 run, or 514 run) and two helium-neon laser (543 nm and 633 nm) are available for the excitation of sample molecules. We carried out the experiments with the 458 nrn and 488 run laser lines. For this reason, we used proper excitation filters, which select the laser lines from the beam of the argon-ion laser, and emission filter (transmission above 475 run and transmission between 505 run and 550 run, respectively). The key element in the optical path is the main (dicroic) beam splitter. It reflects the excitation light and trans- 
dI ffusion time of the fluorescent molecules. wx,y is the ra dius and wz is the half length of the ellipticallyshaped confocal volume element. Deviations between measured (experimental) and calculated (by Eqn. 1) autocorrelations were analyzed with software based on the Marquardt nonlinear least-squares parameterization for calculating the normalized mean square (9) . In ~a ch analysis the deviations were randomly and close to 1.0.
Poisson analysis of measured G(O) values (6, 7)
The number of fluorescent molecules in solution is always an integer or zero. Let us assume that the solution contains an average number C of fluorescent (e.g., tluorophore) molecules per unit volume Vg (confocal volume of detection). x represents the 'actual' number of fluorescent molecules in the unit volume at an average frequency j..i = C. The value x is always a small interger with x = J. Then, the probability P x= ! that the confocal volume of detection contains a single fluofophore molecule is given by 
Results
We applied fluorescence correlation spectroscopy to study molecular diffusion of neopterin. The results are shown in Fig. 2 . The concentration correlation analysis yielded a ditfusion time for neopterin of 24 liS ( Fig.  2A) . This diffusion time was well related to the rate of decay of correlation. The faster a species diffuses, the shorter the correlation persists . In contrast, the solvent alone did not reveal any measurable correlation (Fig.  2B) . However technicallLmitations in the present optical setup have precluded the identification of single neopterin molecules . Excitation of neopterin molecules close to the excitation maximum at 353 nm and detection close to 438 nm emission would extend our analysis to the single-molecule domain.
Next, we performed FCS measurements with the fluorophore rhodamine green. During the lifetime of the excited electronic singlet state, the rhodamine green molecules emitted quantum bursts of fluorescent light. The fluorescence process was cyclic as long as the fluorophores were not irreversibly destroyed. The Brownian motion of the fluorophore molecules was observed as fluctuations of the emitted fluorescence intensity within the confocal volume element of detection ("light cavity"). The measurement time was 2 seconds. In Fig. 3 the measured and calculated autocorrelation functions C ( r) of the fluorophore molecules rhodamine green are presented. The characteristic diffusion time of28 ~s for the fluorophore molecules was short enough to prevent any photobleaching. Under • \iw te+OC5 these conditions, the average photon counts per fluorescent molecule and second were 121230 ± 4172 Hz (mean ± SD, n = 6). Using our optical system, the emit- was less than 0.5 nIv!. Thus, the P2 values in Table 1 indicated that we achieved single molecule sensitivity at fluorophore concentrations less than 0.5 nM. The measured value N of 0.011 meant about 7 x 1010 fluorophore molecules per ml bulk solution.
Discussion
Fluorescence correlation spectroscopy (FCS) is performed in a confocal optical arrangement with a wellfocused laser beam that detmes itself the femtoliter "cavity" (10, 11, 12) . This enables us, in principle, to measure fluctuations of the fluorescence intensity with negligible background. In contrast to FCS, large volumes of detection are illuminated in conventional fluorescence spectroscopy. The average fluorescence intensities an:: measured against a high background noise of scattered light and autofluorescence light of the medium. This results in physical limitations of sensitivity and resolution for quantitative measurements below 1 nM. FCS was developed as an alternative way of measuring the translational (8, 13, 14) and rotational (15) We report here that FCS allows to measure the autofluorescence of neopterin (see Fig. 2 ). This implies a novel way for the determination of activation control of cell-mediated immunity. However, we could not observe the molecular motion of neopterin molecules at the level of superior assay sensitivity because of an inadequate excitation laser (458 nm laser line instead of a laser line close to 353 nm) and an inadequate emission band pass filter (long band pass above 475 nm instead of a band pass close to the emission maximum of neopterin at 438 nm). After this fIrst demonstration of FCS measurements with neopterin, it is in principle possible to overcome these limitations.
To study individual molecules we used the fluorophore rhodamine green. Its excitation/emission characteristics are well compatible with our present optical setup. Due to the illumination of a sufficiently small volume (confocal volume element of detection) and the optical separation of the emitted fluorescence from scattered excitation light and other interfering luminescence (see Fig. 1 ), the fluorescent intensities were not superimposed by background noise in the case of rhodamine green. The count rate per fluorescent molecule proves that the fluctuations in fluorescence intensities arise only from single fluorophore particles. The absolute number N of fluorescent molecules in the volume of detection was obtained from autocorrelation of fluorescence intensity fluctuations. N was taken from the inverse amplitude of G(O). Next, we introduced the Poisson distribution analysis in order to predict the sensitivity of an assay at the level of single molecules by concentration units of the bulk solution (6, 7) . For this purpose, we fIrst show that the probability to fmd a single molecule in the "light cavity" (volume of detection) is Poisson distributed under assay conditions less than 0 .5 oM of fluorescent molecules (fluorophore, see Table 1 ). The random or stochastic behavior was not based on measurement errors. The molecules randomly distribute in solution in terms of bulk concentration. Then, the P: parameter is the found criterion to monitor assay seosm ' ,."!t;; a t the single molecule level in terms of bulk concemratlon . The Poisson distribution analysis of sing le mo;e.:u:e detection in terms of bulk concentration IS 3.I: e:"!'e ::l \ e and elegant way to judge assay sensitivity r 6. -i
